Abstract. Recent evidence indicates that the long non-coding RNA gastric carcinoma highly expressed transcript 1 (GHET1) is involved in the development and carcinogenesis of several tumor types; however, the exact roles of GHET1 and its underlying mechanisms in head and neck cancer (HNC) remain largely unknown. In the present study, the expression patterns of GHET1 in HNC were determined and its clinical significance was assessed. The expression level of GHET1 was significantly increased in HNC tissues, compared with paired adjacent normal tissues. High GHET1 expression was significantly associated with advanced Tumor-Node-Metastasis stages and poor prognosis. Furthermore, inhibition of GHET1 suppressed cell proliferation, induced cell apoptosis and caused cell cycle arrest in vitro. In addition, GHET1 silencing inhibited cell migration and invasion. Taken together, the results of the present study indicated that GHET1 acts as an oncogene in HNC and may represent a novel therapeutic target.
Introduction
Head and neck cancer (HNC) is the seventh most common malignancy worldwide, and remains a serious public health problem (1, 2) . Previous studies have demonstrated that heredity, Epstein-Barr virus infection and environmental factors serve notable roles in HNC development (1, 3, 4) . Although advances in combination treatment strategies involving surgery, radiotherapy and chemotherapy for advanced HNC have been made, patient prognosis remains poor owing to an advanced local regional disease at diagnosis and a high incidence of distant metastasis (2, 5, 6) . Therefore, understanding the molecular mechanisms that underlie tumor progression may lead to the identification of novel molecular predictors to improve the prognosis of HNC.
Long non-coding RNAs (lncRNAs) are a class of transcripts that are >200 nucleotides in size and lack the ability to encode proteins (7) . Evidence indicates that aberrant lncRNA expression can contribute to the pathogenesis of major diseases, including HNC (8) (9) (10) . Recent studies have indicated that lncRNAs could influence various cellular processes, including cell growth, cell apoptosis, cell cycle progression, cell invasion and metastasis (11) (12) (13) (14) . For instance, it has been reported that HOX antisense intergenic RNA (HOTAIR) was overexpressed in head and neck squamous cell carcinoma and HOTAIR silencing inhibited cell proliferation by inducing cell apoptosis (15) . Aberrant H19 expression has also been observed in HNC and was significantly associated with tumor grade, differentiation, neck nodal metastasis and clinical stage (16) . H19 promoted cellular proliferation, migration and invasion by competitively binding to microRNA (miR)-148a-3p (16) . Expression of maternally expressed gene 3 (MEG3) was significantly reduced in tongue squamous cell carcinoma tissues, and low MEG3 expression was significantly associated with tumor size and lymph node metastasis (17) . Overexpression of MEG3 in HNC cells could inhibit cellular proliferation, promote cell apoptosis and arrest cell cycle (17) . Gastric carcinoma highly expressed transcript 1 (GHET1), a recently identified lncRNA, has been determined to be unregulated in several cancer types, including gastric, bladder and colorectal cancer (18) (19) (20) . However, the expression and role of GHET1 in HNC remains largely unknown.
In the present study, the expression of GHET1 was detected and the association between GHET1 and clinicopathological factors of patients with HNC was analyzed. Furthermore, the results indicated that knockdown of GHET1 led to cell proliferation repression, triggering of late apoptosis, decreases in the proportion of cells in S phase and inhibition of cell migration and invasion. These results provide a novel potential biomarker for HNC diagnosis and therapy. All cells were cultured in RPMI-1640 (Hyclone; GE Healthcare Life Sciences, Logan, UT, USA) supplemented with 10% fetal bovine serum (FBS; Invitrogen; Thermo Fisher Scientific, Inc.), 2 mM glutamine, 0.4 µg/ml of hydrocortisone, 100 µg/ml penicillin and 100 U/ml penicillin G (Hyclone; GE Healthcare Life Sciences) at 37˚C in a humidified incubator containing 5% CO 2 .
Materials and methods

Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Total RNA was extracted from HNC tumor samples and cell lines using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. A total of 500 ng RNA was reverse transcribed to cDNA using PrimeScript™ RT Master Mix (Takara Biotechnology Co., Ltd., Dalian, China). qPCR was performed in a total reaction volume of 20 ml using SYBR-Green qPCR Master Mix (Takara Biotechnology Co., Ltd.) in the ABI PRISM 7900HT Sequence Detection system (Applied Biosystems; Thermo Fisher Scientific, Inc.) with the following primer sequences: GAPDH forward, 5'-GTC AAC GGA TTT GGT CTG TAT T-3' and reverse, 5'-AGT CTT CTG GGT GGC AGT GAT-3'; and GHET1 forward, 5'-CCC CAC AAA TGA AGA CAC T-3' and reverse, 5'-TTC CCA ACA CCC TAT AAG AT-3'. Amplification conditions were set as follows: 95˚C for 30 sec, followed by 95˚C for 10 sec and 60˚C for 30 sec for 40 cycles. The expression of GHET1 was normalized to GADPH and data was analyzed using the 2 -∆∆Cq method (22) .
GHET1 siRNA transfection. siRNAs specifically targeting GHET1 were synthesized by Invitrogen (Thermo Fisher Scientific, Inc.) as previously described (19 Cell proliferation assay. The proliferation of FaDu and Cal-27 cells was determined using the Cell Counting kit-8 (CCK-8; Dojindo Molecular Technologies, Inc., Kumamoto, Japan), according to the manufacturer's protocol. Cells were seeded at a density of 3x10 3 cells/well in 96-well plates. Next, 10 µl CCK-8 reagent was added to each well at 24, 48, 72 and 96 h, which were incubated for 2 h at 37˚C. The absorbance was measured at a wavelength of 450 nm using a Model 680 microplate reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA). All experiments were performed in triplicate in three in independent times.
Flow cytometry analysis. To analyze cell apoptosis, HNC cells were harvested and resuspended in staining buffer (BD Biosciences, San Jose, CA, USA) at a concentration of 1x10 6 cells/ml. Following this, cells were stained with Annexin V and propidium iodide (PI) using the Annexin V-Fluorescein Isothiocyanate Apoptosis Detection kit (BD Biosciences), according to the manufacturer's instructions. Apoptotic cells were measured using a BD FACSCanto™ Flow Cytometer (BD Biosciences) and analyzed with Summit v5.0 software (BD Biosciences).
For cell cycle analysis, cells were harvested by trypsin in the logarithmic growth phase and fixed in 75% ethanol at 4˚C overnight. Next, cells were re-suspended in PBS and incubated with BD Pharmingen™ PI/RNase staining buffer (cat. no. 550825; BD Biosciences) at room temperature for 30 min in the dark. Finally, cell cycle distribution and DNA content were analyzed using a BD FACSCanto™ Flow Cytometer (version 5.0; BD Biosciences).
Cell migration and invasion assay.
A cell migration assay was performed using transwell insert chambers (8-µm pore size; Corning Incorporated, Corning, NY, USA). A total of ~5x10 4 FaDu and Cal-27 cells in 200 µl serum-free RPMI-1640 medium were seeded into the upper chamber of the transwell chamber. Following this, 600 µl RPMI-1640 medium containing 10% FBS, as a chemoattractant, was added to the lower chamber. After incubation for 36 h, non-migrating cells were removed with a cotton swab, and the migrating cells on the lower side of the insert filter were fixed using 100% methanol and stained with 0.1% crystal violet for 20 min at room temperature. The number of migrated cells was counted in five random visual fields and imaged using a light microscope (x100, DP73; Olympus Corporation, Tokyo, Japan). The invasion assay was performed according to the same method of migration, but the transwell insert chambers were coated with Matrigel (BD Biosciences).
Statistical analysis. The data are expressed as mean ± standard deviation and were analyzed using SPSS 14.0 (SPSS, Inc., Chicago, IL, USA). Overall survival (OS) time was defined from the date of the surgical treatment to the date of mortality or the most recent follow-up. Survival curves were assessed through the Kaplan-Meier method, and statistical analysis was performed using the log-rank test. The difference between two groups was evaluated using a two-tailed Student's t-test. Differences between multiple groups were assessed using one-way analysis of variance with Dunnett's post hoc test. The association between GHET1 and clinicopathological characteristics was analyzed using a χ 2 test. P<0.05 was considered to indicate a statistically significant difference.
Results
GHET1 was upregulated in HNC tissues.
To determine whether GHET1 was dysregulated in HNC, GHET1 expression in HNC tissues and pair-matched adjacent normal tissues was analyzed using RT-qPCR. As depicted in Fig. 1A , expression of GHET1 was significantly increased in HNC tissues, compared with the adjacent normal tissues (P<0.01). The aberrant expression level of GHET1 in the cancer tissues indicated that GHET1 may serve a notable role in the development and progress of HNC. Furthermore, the expression of GHET1 was assessed in HNC cell lines (FaDu, OECM1, SAS and Cal-27) and normal HOK. These results demonstrated that the expression of GHET1 was significantly higher in HNC cells than that in HOK cells (P<0.01; Fig. 1B ). These results indicated that GHET1 contributed to the development and progression of HNC.
Association between GHET1 expression and clinical characteristics and prognosis.
To assess whether GHET1 expression was associated with clinical pathological parameters and prognosis of HNC, the 86 patients with HNC were classified into two groups according to the median of GHET1 in tumor tissues: The high GHET1 group (n=43, >median value); and the low GHET1 group (n=43, ≤ median value). Notably, high expression is significantly associated with lymph node metastasis and advanced Tumor-Node-Metastasis stage (TNM; Table I ). Other clinical parameters, including sex, age, smoking status, tumor size and differentiation, were determined not to be significantly associated with GHET1. Furthermore, it was determined that patients with high GHET1 expression exhibited reduced OS time (median survival, 41 months), compared with those with low GHET1 expression (median survival, 61 months) (Fig. 2) . Table I . Association between clinicopathological characteristics and GHET1 expression. GHET1 regulates HNC cell proliferation by affecting the cell apoptosis and cycle. Since GHET1 may act as an oncogene in HNC, the cellular functions of GHET1 was investigated by employing specific siRNA oligomers. GHET1-specific siRNAs were transfected into FaDu and Cal-27 cells knockdown efficiency was confirmed using RT-qPCR (Fig. 3A) . To investigate whether GHET1 affected the growth of HNC cells, cell proliferation was assessed using a CCK-8 assay. The results of this analysis demonstrated that downregulation of GHET1 significantly decreased the growth of HNC cells, compared with control cells (P<0.01; Fig. 3B ). To investigate whether cell apoptosis and cell cycle progression contributed to the proliferation of HNC cells in vitro, the effects of GHET1 on cell apoptosis and the cell cycle distribution of FaDu and Cal-27 cells were analyzed. A flow cytometry assay revealed that the apoptosis of FaDu and Cal-27 cells was significantly enhanced following knockdown of GHET1 (P<0.01; Fig. 3C ). Furthermore, the percentage of cells in S phase significantly decreased upon GHET1 silencing in the two cell lines, whereas the percentage of cells in G2 phase significantly increased (P<0.01; Fig. 3D ). These results indicated that GHET1 regulated cell proliferation by mediating cell apoptosis and the cell cycle.
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Knockdown of GHET1 inhibits cell migration and invasion.
A crucial process of cancer progression is the degradation of the extracellular matrix and penetration of the basement membrane (22) . To assess whether GHET1 regulated the migratory and invasive ability of HNC cells, migration and invasion assays were performed. Migration and invasion assays revealed that the ablation of endogenous GHET1 significantly inhibited HNC cell migration and invasiveness, compared with the control (P<0.01; Fig. 4A and B) . These data indicated that GHET1 knockdown may decrease malignant gastric cancer cell mobility.
Discussion
Previous studies demonstrated that lncRNAs serve critical roles in the development and progression of HNC; aberrant lncRNA expression is associated with metastasis, recurrence and poor prognosis in patients with HNC (6, 13, 17) . The results of recent studies have indicated that GHET1 was overexpressed in several human cancer types, and dysregulation of GHET1 was associated with tumor size, metastasis and poor prognosis in gastric carcinoma (18) (19) (20) . In addition, GHET1 has also been demonstrated to have an increased expression in bladder cancer tissues, which is associated with tumor size, TNM status and poor survival rates (19) . In the present study, the expression of GHET1 in HNC tissues was measured and its clinical implications were investigated. In accordance with the aforementioned data, GHET1 was determined to be significantly upregulated in HNC tissues, as well as in the HNC cell lines. In addition, patients with high GHET1 expression levels exhibited an advanced TNM stage, more lymph node metastasis and reduced OS times, compared with those with low GHET1 expression; however, tumor size was not observed to be associated with the expression of GHET1. These data indicated that GHET1 may promote the malignant progression of HNC.
To understand the biological function of GHET1 in HNC progression, a range of in vitro assays were performed. A previous study demonstrated that GHET1 promoted cellular proliferation by increasing c-Myc mRNA stability and expression (18) . Inhibition of GHET1 impaired proliferation of bladder cancer cells by inducing G 0 /G 1 arrest and bladder cell invasion by reversing the epithelial-mesenchymal-transition (EMT) (19) . Results of a recent study revealed that GHET1 expression was significantly upregulated in colorectal cancer, and the downregulation of GHET1 suppressed malignant phenotypes by reversing EMT (20) . The in vitro data of the present study demonstrated that siRNA-mediated knockdown of GHET1 resulted in significant decrease in cell viability, the proportion of the cells in S phase and a significant increase in the percentage of apoptotic HNC cells.
Evidence has demonstrated that metastasis is a key biological process that contributes to disease relapse and the progression of tumors (20, 23) . Since high GHET1 expression was positively associated with lymph node metastasis, the effects of GHET1 on HNC cells in vitro were evaluated. The experiments demonstrated that knockdown of GHET1 notably inhibited cell migration and invasion in HNC cells.
In summary, the data presented in the present study provide evidence that upregulated GHET1 promoted the progression of HNC by mediating the proliferation and migration of HNC cells. Analysis indicated that high GHET1 expression was significantly associated with lymph node metastasis and advanced TNM stage; however, further studies are required to confirm these data and reveal the potential molecular mechanism underlying GHET1 in regulating HNC.
